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the receiving and distribut,ing network of weat.her-report- 
iiig stations. Reports from sea, however, were scant, 
owing to the ban upon the use of radio. 

At  each observatory, when in full working order, there 
\r.ere two aerogaphir: officers and sis quartermssters, 
class A, aerographir. C!omniantling officers c.dd thus 
call for iiifornintion and advice n t  any hour of tlie tlt~y 
or iiigllt. Soiiclnges a t  Some iniport,ri..nt cc)tl.st stations 
were talien every two hours. Me.liy coiiiineiich tury re- 
ports hnve been iiiitcle rega.rding tltc sei.\+-e in r~l11ct:- 
tion with t.he operation of both lighter-than-air nnd 
liertvier-than-air machines. Particularly in connec tivl? 
with the successful operation of blimps wiis the value ot 
wind directions a.nd velocities a t  clitieren t levels appnren t. 
At some stations the number of hours of patrol increilsed 
decidedly after the estnblishmen t of the aernpsphic 1tb- 
servatory. In  addition to surface ancl flying . l e ~ ~ l .  wincls, 
the aeroga her was expect.ed to forecast visiblllty alii1 

gustiness, changes in the lapse rate (verticnl grdit.iit ) 
of tempernture as well as horizontal gradienbs, llenvy 
rains, likelihood of snuw a t  high levels, frosts, a ~ : d  .SII:- 
face teni wrnture inversions were regrlrded as sul)Jec.t.:; 
bearing c 1 irertly upon the snfet,y of i-1iei-s aiid tlieret'ort? 
to be noted and investigated witli all clili elite. 

closely tlie methods of tlie British observeis in the Hy- 
drographic Department of the Admiralty, but j n k'ranco 
they soon disca.rded the old English units and also nicicli- 
fied materially the methods of work. Many good sug- 
gestions came frum various members both in the field and 
a t  home. 'ilie two-t!ieoddi te metlicd originally u s i d  n. t  
Blue Hill was soon displaced by talx o ~ ~ e - t ~ ~ i ~ o d i ~ ~ l i t ~  
method of fc~llnwing pilot hdlnone, niiil n'liilo it is itilly 
recognized that this iii~tliiid is open to critkiem, i t  is 
quick and worked fitirly well in actual opcration. Sevcrul 
rapid methods of c.nlc.uls tion were designed by the ofliwrs 
a t  Blue Hill. All of these ca.n not he clescrihecl here, but 
those of Ensigns Dary, Twi trhell, ancl Mall were success- 
fully tried out. Innsinurli tis a short review of sonw of 
these metliods liiay be of interest to others u:orliilip in 
this field, I nplwnh a 1iot.e by Eiisign Mall, whirah, while 
not describing his own cu t.vmatirr device, gives briefly 
the cardinal mints of tlie Davy Rnpicl C!alcul:ttiir aiicl 
the Twitchell t ec tor .  An esteiiclecl 11% >er on tlie subject 

given here. hnsigns Townsliencl, Parsons , a.nd Davy tic- 
Figned an autnmatic balance for use in fillin hnlloons, 

free liIt and dead weight. Ensign Ruf<eyher de- 
sigiiec @vilY a cage for n.pprosimatt4y cleterniiiiing free iift, for 
use where other methods coulcl not apply. 

Some studies of the depth of the sen breeze in the East 
Gulf were made hp Lieut. Reed a t  tlie Pens:acola stn.tion. 

During the absence of Prof. McAdie abroad, tlie follow- 
ing lectured to tlie classes: Cliiof Observer L. A. Wells, 
Ensi ns Kepser, Buck, Townshencl, navy ,  Parsons, IIlnll, 

foreign stations after the return cjf the senior aerogrnphic 
officer to the United Stat'es. 

Eighteen stations were estddishecl in France, six in  
Ireland, and two in Italy. An account of the equipping 
and instrumental work in tlie United States is given in 
the following note by Commander Jewell. 

especially a il velation fogs and sea fogs. Thunderstorms 

At first, American naval aerographers 7 ollo~ccl ra tlier 

. 

has been prf: mrecl by Ensign Twit.,. Pl id , but  ran not be 

and f CuICeyser. Lieut. R. F. BaiTatt was in charge of 

WORK OF TEE NAVAL OBSERVATORY IN CONNECTLON 
WITH NAVAL AEROGBAPHY. 

Ry Commander C. T. JEWELL, I T .  P. N., Retired. 

Commnnlcatcd Iiv the Superintendent, N a ~ d  Observatory, Washington, Mar. 14,lQlQ.l 

Tlie Nzxvnl Observatory's proper function in the 
tlc.vcli tpmrnt of aerog;.aphy wns  the prcicurement~ and 
ir..;ut: of huitdsle imtruments. This mas pccom lished 
iindcr tlic supc!.iiitenrlriic.i-- of Rcnr Atlliiiral T. B. I P oward, 
IT. S. N., rehcrl. 

Wlim the policy of estahli+hing naval fh-ing stmations 
a t  lionit? n n t ~  a ~ n o a c ~  wns definit&* acloptccl in the sum- 
mer of 1 CJ 17, t.lie OI)serni,t.ory, on hs owi  iniat,ive, nc1decl 
to t,he allownnce list an aneroid barome ter, a wet-.md- 
dry-bulb 1)s dironictcr, and a nia.stalicad zme~niomctw, all 
N:~.vy stiui(?tird cirt.iclea of which t,here was a stock on 
hand, so that the Air St.ations could keep a record of 
wea.t,lier , conditions coniniensurat,e wit.h t.lint kept on 
b o : d  vessels of t81ie Navy. 

The following wint.cr it. derelnpecl that t.liera  as need 
of more estm+i-.-p equipnirnt. An R peal to t.he Observa- 

t.heotlo!it.es for iiir sounding, and in t,he followin- summer 
the Ol)sci-mt.c)rT w-cnt into the mnrl.:et for a &ll set of 
nict.corologic:~i inst.runicnt~s for air st.at.ions in the Thited 
s ta t  cs. 

A st.cp in dviince in the wtiy of cooperatmion with 
foreign ohsarvers \-\'as macle a t  this t,ime by having the 
ch3:t.s on wliicrli records yere kcpt by recording instru- 
nieiit,s of va.rioiis t.y es print.et1 in niet,ric tinil centigrade 
sc:iles rnt:licr tlinn t, f ic usunl English units. 

Wintl miws  ere supplicvl without regist.ers. for 
visual olwwvation only. ns it, \\-t~s c~irly rcrognizrc-l thn.t 
our biisintw tlc.:ilt, 1vit.h t.he upper nir currcnt,s an11 not 
with t.he surfaco winds. 

An nnmionieter recording the aasn.ge of air equal t.o a 

iiaval use before the war. These were issued to Air 
St*atioiis a t  home. Air Yt.ations abroad were supplied 
wit,h instruments obtained abroad wibhout an- action 
on the part of tlie Obsert.ator!-. 

Aftcr supplying instruments recor!ling in metric units, 
t.he ressure, t.eniperat,ure, ancl huniidity a t  the statmiom 
on s Y lore, t.he Obse;vtttorv t.urnet1 its nt tentmion to wind- 
measuring instrument.s T h e  Draper Inst,runient C'o, of 
New York, Sllp1Jhd 30 anemosco >es of thcir design. 

a t  any moment. giving a record which illustrates .the 
variability of the wind as well as it.s general direction. 
For wind pressure and velocity, the de artxnent iinally 

The cl~velopnient of the Aerogra.pliic Serric.e B t the 
home stnt,ions is rncticnlly t'hc work of Ensign E. B. 
Buck, ZT. S. N. %. E'. &rst he had charge of the 
aerographic students a t  the Blue Hill Observatory: later 
as an Rssistnnt t.o the Director of Nnvnl Avktion, he 
advised n s  to the detail and stn.t,ion of the aerographic 
officers lie lind trained, and iinnlh-, RS an assistant to 
t,lie superintendent, of tlie Naval Observatory. lie han- 
d e d  the niinutiw of gettin.. tlie home stations equipped 
and opera.tions s t n r t d .  k e y  West., Alianii, Chatham, 
Halifas, and San Diego were actuslly a t  work keeping 
records and making forecasts u t  the time the armistice 

t t q -  was matle in l)eceniber, 1917, P or pilot balloons and 

w-ind movement of 1!60 of a mi P e hnrl been adopted for 

These inst~i.unients s1i1.w tlie essct c \ irect.ion of the wind 

adopted a nioclific.nt.ion of Dine's anemo 6 isgraph. 
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was signed. Hay Sliorc? l i d  been equippd, hiit never 
operated. IIn1if:tx :ind C)hnt,ham were siipplicd nt  this 
time with ecpipnient for pilot-hilloon work, a.ud five 
complete outiits for France were on the wliarf nwnit.ing 
transportn tion. 

I n  addit.ion to the Air S1.a tiniis ab0-i-e nnmed, Rruns- 
wick, Ga., anit 1Iax:Ipton Rcitiils, Va.? have since heen 
put  on nn opera.t.ing basis. 12oclitiw-ny Bench, Long 
Island, N. T., has nlsn been equipped. Sweral of our 
stsations are now regii1s.rl-y cooperii t , iw with the Weather 
Bureau, sending in cl:i.ily reports oP conclit,ions in tlie 
u per air i ~ d  receiving ragulsr forecasts. At nearly all 
t f le pnt.ro1 and flying stxtioiis, commanding nnd flight 

oRcc.ts are kept illformed constantly of the force and 
cIir~~ctio11 of t.lio wild at, flying levels and of tlie weather 
t,o he espect.ed during practice hours.' 

For more than a year the Observatory has been work- 
ing t.o secure a suitable recording instrument for measur- 
ing meteorologicnl condit,ions in the upper air while 
carried by a senplsne in flight.. Two fornis of instru- 
1ncnt.s for this purpose a.re now nearing completion. 
Their perfection will complete tlie instrumental outfit for 
Nnvd Aemgrapliy. 

- 
I Bee map p. 2119 for location or the nnvnl aerological stations. 

METEOROLOGY M THE NAVAL AVIATION SERVICE OVERSEAS. 

RITY H. FINCH, U. 8. N. R. F. 

[P,alcdd: Il'rathrr Burom, Washington, Felt. 14,1919.J 

Aside from l-)oml)ing a few mrt.s held by the Ccnt.r:il 
Powem iuici some crinvoyiiig o/ ships, tlie worlr of iinvii.1 
avin t,inn w:.ss primarily 1iuiit.ing submarincm Hrncc forr- 
casts snd diita were mninlp for use over tlie oc~wi .  

Fowc.a.st.ing for the cv:iat:il w:it.c:is ot nortliw\s t ern 
Eurow pri.sent.cd 11i:Liiy diIiicultics. es >ecinlly t.1, thoqe 
wlin t i h  becn accust,cmiecl to ~in-i-ing a I woatl ospnnse of 
laiid t o  t.lic west from wliicii rc!port.s :ire reccivetl showing 
t,he nicw or less regular progress of IIIGIIY nud L(.)W-Y. 
There, t,!m, one hnd to d t r n l  with N series o€ r,o~..s wit,li 
only occ.asio:i:tlly tin int,ervc.niiig trsveling HIGIT. The 
IIIGIIR that meet ccmiiioiily nffcct t,he west.rrn coast of 
I<urop--occanic condit.irms--are the slowly shifting, 
sometimes st~atiomiq- ones either of continentmill origin or 
from tlie Bzores r e p n .  The first, iiit.in~~tt,ion of the ti,p 
pro:-i(*il of a st.orni t.o iiortlirwsterii Europe in the tit-rscllce 
of wirdws rep0rt.s from t h  Atlantic is fr(.~ni the clTt.cts duc 
t,o t!!? storm it.scU--tlie format,ion of cirrus and ot.livr 
chnr.i:cberist.ic cloutls, t,he fnlling of the barometer, aiirl 
t.lie Imcking of tlie wind t i t  the westernmnsts stnt,ions. 
This hi tt,pr oftZen seems to nntkipzxte it fall  of the haroni- 
ctei'. biit i t  is st,ill ti moot,ctl qccst.iuii w l d i c r  the bncltin;: 
of I..!!e wind precldes or iicronipiiies t,he clinnge froni 
stiitionnry, or rkIJAg, to f?lling tJ:!I'c)illC!hX. 

At m m g  of the Ainerican stntions i t  was inipossiblo 
to  get the British forecast, or a.ny reports? in tiiiie to 
help in nia!iing tlie morning forecast; and one hiid to 
he auiilccl by local coiiditioiis ancl by old reports. The 
h a c h i g  of the wind and fall of talle 1)aroniebcr w(.~ul~l 
lierdrl tlie a. >l~ron.rli of a storin: Init, of eoi~rse, only IL 
short time 1 ,@fore the . onset. Clouds, l~owmer, ave 
more wclvnnce informttt,ion of t,lw coining L o w .  ~ L i g  
the west.ern. const of France and over the Brit,isli Isles 
t!ic wind circuln.t,ion nenrly nppro:i.clies the ideal circu- 
lation found in well-defined stornis over the O C C ~ .  
Most of tl:e inctcoroln*ird luibs were sbationed dong 
or nenr t!io coiL+, ~ s ~ 1 i d ~ ~  near the 1,zncling places of the 
sezi.p!nnes, mid ' were excellen tly sit,unt,eil for. cloucl 
ohserrn.tions. By not,ing tlie ap~~enmnce nncl direct.ion 
of cloutls of the cirrus level, and the time in t.c?rr:d before 
the developing of alt.o-t.;\rl)cs, one couid get a good idea 
of the .iu teiisit,y n.nd dist,ance away of coming st.oriiis. 
By noting cleprtnres froiii espec td  w i d  direction and 
cloud morcments, a.nd assigning a reason for sucli 
dej)nrtures, one could oft,en 1oc.n te secondary clepres- 
sions, evoa when t h y  mere passing to the south of the 
observer. Whcn low cloutls preven t.ed good c.l.oucl 
observations one l i d  to bc guided by the wind clirec- 
t,ion and the haronieter. I n  iiiany cases elu1)orctt.e cloucl 
obseivat,ions wxe uiinecessnrj-, for short-range fore- 
casts-6, 12, and 26 hours-were d l  that. were desired. 

Sgno >t.ic chnrt,s were h w n ,  iind, tlinugh iisutilly too 
late t,o b P, used in making morning foracnst,s, they ga.ve 
n good check on the interpretatmion from local conditions, 
tiud nicled one in studying the cnuses and effects of 
went,!ier hnp )eniiigs. 'In ccses where synoptic charts 

in conjunct.ion with locnl coiidit~ions. Land-and-sea- 
Iwcwic? coiditioiis occasionztlly nfforclocl easy forecasting 
of wind ve1ocit.y a?id direction.' 

a.iid direction from 
the suiface up to 2,CJOO or 3,000 Zct ,  weather (rn.in or 
f i k ) ,  height of clouds if low, and visildity. At stations 
whore dirigibles were used forecasts had to he more 
c1olinit.e ancl a closer wat.ch kept of the weather than a t  
sc~aplr~ne st.at.ions. 

l'isi?dity is of prime iiiiportimce in liun t.ing sub- 
marines from tieropltinos. A haze that would perinit 
of fn.ir tlis~~erniiieiit of large objects would complete1 
ohscure a perisrop or a suhnirtrine slightly subniergecl 
The forccust, of visibility was for the distance in iniles 
a t  which select.ed object,s could be clearly seen. Colored 
glnsscs for observing through haze mere used with 
soim s u c c e ~ .  Rg noting the causes of poor visibility, 
uiiil by correlnth!g visibility n t, sei1 wit,li the visibility 
amcl general conclit.ions iietw the nieterological hut, one 
could mike good forecasts of the visibilit,y seaward. 
AMiougli a qualified ohserver, i t  was iiiniiily for visi- 
hilit,y correltit,ions t h t  the writ,er wen t, up (in ti patrol 
a s  observer. 

Tile British forecast>s always inclucled the gradient 
relocit,y, wliich 'wns a.ssumed to obtain a t  1,500 feet. 
The British drlmirslty, however, were inclined to take 
2,000 feet tis the average level at w1iic.h the gradient 
velocity is renc!ied. The current grtxtlicn t velocity 
wiw ohtniiied from t.lit? w'eatlier niap by means of trans- 
pa.rents scdes similar t.o those dmwn in figure 1. They 
were cnlculiltecl for the latitutle of the British Isles for 
use on the daily weat!ier reports (scale 1/8O,OOO,OOO) with 
i d m s  h w i  for every 5 millibars. Sererd radii of 
ciirvn turo for both cyclones and anticyclones are usually 
given, and one or two t.riaIs will usually s!io\v the curve 
nearest the required isobar. Then, by not,icin where 

rend off. Froni theore t icd consideratioils of t,he decrease 
of densit,y and the pressure gradient with increase of 
elcriitioii t,ithles hare been computed giving velylties 
for dl elenit ions up to ~0 ,000  feet correspondin to 

used ani1 tire of doubtful accuracy. 

were svniltth I e ili making forectists they were used only 

Forecasts inchded wind velocjt. 

the nest  isobnr crosses the scale, the wind ve H o d y  is 

gradient ve!ocit.ies at. the surface. They were but k ittle 

1 See discussion of forecasting in western Norwsy: MONTHLY WFATEEB REVIEW 
Feb., 1919,47: 90-95 


